Aging is one of the most intriguing processes of biology and despite decades of research, many aspects of aging are poorly understood. Aging is known to occur in bacteria and yeast that divide with morphological asymmetry 1, 2 . Morphologically symmetrically dividing bacteria such as Escherichia coli were assumed not to age until they were shown to divide with functional asymmetry leading to aging and death of some of the cells even in exponentially growing cultures 3 . In asymmetrically dividing E.
more symmetrically under caloric restriction, that both genetic selection and phenotypic plasticity are important determinants of cell division symmetry and also that the proportion of cells that stop dividing and therefore are presumably dead is significantly lower in symmetrically dividing cultures. However, contrary to the prediction, symmetry was not always accompanied by reduced growth rate. These results demonstrate that asymmetry of division in E. coli is not hardwired but responsive to the nutritional environment. This provides a new perspective on why caloric restriction increases lifespan in organisms ranging from microbes to mammals 8 . Symmetry of division may be a mechanism spanning across the width of life forms but regulating aging in different ways in different forms.
The central mechanism of cellular aging is likely to be cell division asymmetry with respect to the distribution of older and newly synthesized components. In animal systems asymmetric division is involved in differentiation and self renewing of stem cells and germline cells [9] [10] [11] [12] . The phenomenon of asymmetry leading to aging can also be seen in unicellular forms such as bacteria and yeast. In budding yeast oxidatively damaged proteins remain preferentially in the mother cell whereas newly synthesized components occupy the bud cells 13 so that eventually the rate of reproduction of the mother cell declines until it stops dividing. In bacteria such as Caulobacter sp. that have a morphological asymmetry and differentiation, aging similar to budding yeast was demonstrated 2 .
If asymmetric division is the key to cellular aging, unicellular organisms dividing symmetrically should be immune to aging as long as environmental conditions are respectively, e.g. a strain selected under high concentration but currently being grown in low concentration is denoted as Hl). After an estimated 500 and 1000 generations of selection each of the strains was examined for growth rate, growth yield and symmetry of cell division on both high and low nutrient media.
Consistent with the expectation, the strain selected under low glucose concentration gave higher yields expressed as total cell protein per unit substrate consumed as compared to the strain selected under high glucose concentration at any given current glucose concentration, i.e. growth yield of Ll was higher than that of Hl and Lh was higher than Hh.
Selection in low or high concentration of peptone had similar effect when grown in glucose (figure 1) showing that the effect of selection was not substrate specific. Peptone being a complex substrate, growth yield could not be calculated precisely but Lh gave higher stationary phase absorbance than Hh in glucose as well as peptone media (data not shown).
The growth of any of the strains was slower in dilute media but the effect of selection on growth rate was complex. For Lh in peptone, the growth rate substantially declined by 500 generations as the growth yields improved. However, after 1000 generations of selection, growth rate was observed to be high and comparable to Hh in peptone. The strains selected in glucose, did not differ from each other in growth rates after 500 or 1000 generations although growth of both was faster than the ancestral strain.
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For quantifying functional symmetry in cell division we defined an index of asymmetry based on the assumption that if the cell division was asymmetric, the daughter cell receiving older components will take longer to complete the next cell division 5 .
Therefore an index of asymmetry was defined as the ratio of the difference in division time The results demonstrate that, both phenotypic plasticity and genetic selection determined the cell division strategy but prolonged selection resulted into loss of phenotypic plasticity suggesting that there may be a cost associated with plasticity that exerted a negative selection effect when plasticity was no more required.
The shift in the cell division symmetry in response to the substrate concentration can be a passive effect of reduced growth rate. It can be hypothesized that when growth rate is slow it may be difficult to maintain asymmetry owing to diffusional mixing of old and new components. As opposed to the model 7 the observed symmetry may only be an effect rather than the cause of slow growth. To test this we used a vitamin B12 auxotroph of E. coli (E.
coli 113-3D ATCC) and subjected it to similar selection under high and low glucose concentration for 500 generations. Because of its auxotrophic nature its growth rate could be regulated by the growth factor concentration and made independent of the energy source.
Under growth factor limited conditions the index of asymmetry was significantly higher in the high concentration selected strain (median=0.19718) as compared low concentration selected one (median=0.01212) (Mann-Whitney U test; n1=58, n2=53, W=4272.5 and It is well known that caloric restriction leads to longevity in widely differing organisms including yeast, C. elegans, Drosophila, and mammals 8 . We demonstrate here that a similar phenomenon occurs in E. coli and operates by modulating the symmetry of cell division. Caloric restriction causing symmetric cell division could be a more general phenomenon not restricted to E. coli. In low calorie environments fission yeast showed synchronous cell division cycles 16 . Although Cheng et al 16 did not specifically quantify symmetry of division, maintenance of long term synchrony is not possible without cell division symmetry. It is possible therefore that caloric restriction resulted in symmetric division in yeast in their experiments. Further evidence for an association between caloric restriction, symmetry and aging in yeast is that mutation in Sir2, a gene necessary for asymmetric segregation in yeast 13 , resulted in a longer chronological life span under caloric restriction 17 . It appears that Sir2 activation, leading to asymmetric segregation, reduces the chronological life span in yeast 17, 18 although its role in reproductive life span extension is debated 18, 19 .
In unicellular organisms asymmetric division may have evolved to increase the growth rate of the population by continually generating young cells, where as in multicellular organisms asymmetric division seems to rejuvenate stem cells [9] [10] [11] [12] . This creates an apparent contradiction. Symmetric division seems to delay aging in unicellular organisms as we show 16 suggesting that the triangular relationship between caloric restriction, cell division symmetry and repair rates could be more generally true and responsible for longevity in widely differing organisms.
Our experiment involving division symmetry in a growth factor limited auxotroph suggests that the available caloric nutrient, rather than the actual utilization of the nutrient, influenced cell division symmetry and aging. This is an interesting parallel to the finding in Drosophila that perception of food rather than actual intake of food influenced longevity 20 .
Owing to the parallels as well as important differences in the aging processes of bacteria and higher organisms, it looks possible now that the inclusion of E. coli among the model organisms for aging research may throw light on some of the yet undiscovered aspects of aging.
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